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SUMMARY

 

Previous studies have shown that human natural killer (NK) cells are lost from the periphery and are
functionally suppressed during HIV-1 infection, and that the administration of highly active antiretro-
viral therapy (HAART) results in a recovery of NK cell numbers in HIV-1-infected individuals. How-
ever, despite this recovery, interleukin (IL)-2 + IL-12-driven interferon (IFN)-

 

g

 

 production by NK cells
has been shown to remain suppressed after HAART. Here we show that the innate immune factor IL-
15 in combination with IL-12 is also unable to recover NK cell IFN-

 

g

 

 production in HAART-treated
individuals. Furthermore, we also demonstrate an imbalance in the distribution of CD56

 

lo

 

CD16

 

hi

 

 and
CD56

 

hi

 

CD16

 

–

 

 NK subsets after successful HAART, CD56

 

hi

 

CD16

 

–

 

 cells being reduced substantially in
HIV-1 patients on HAART. Treatment of patients with combined human growth hormone and anti-
retroviral therapy resulted in further enhancement in the absolute numbers and the proportion of NK
cells in some individuals in the absence of parallel effects on CD4

 

+

 

 T cells. Furthermore, in these indi-
viduals HAART with growth hormone resulted in an enhancement of cytokine-driven NK cell activa-
tion and IFN-

 

g

 

 production compared to the HAART-only baseline.
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INTRODUCTION

 

Natural killer (NK) cells play a key role in the production of anti-
viral factors early in the development of antiviral immune
responses [1]. NK cells are among the earliest cell types to
respond to viruses by producing key immunomodulators such as
interferon (IFN)-

 

g

 

 and tumour necrosis factor (TNF)-

 

a

 

. Such
rapid responses are due at least in part to the ability of NK cells to
respond to innate early cytokines such as IL-12 [1]. In addition,
NK cells are activated by and proliferate in response to T cell-
derived factors such as IL-2 [2]. In this way NK cell responses can
be influenced by both specific and innate immune responses.

NK cells are likely to play a critical role in immune defence
against HIV-1. First, they are capable of killing HIV-1-infected
autologous target cells 

 

in vitro

 

 either by natural or antibody-
dependent cellular cytotoxicity (ADCC) [3]. Secondly, they acti-
vate inflammatory cells via early cytokine production [4]; thirdly,
they produce chemokines which compete with viral receptors on

the cell surface [5,6]; and fourthly, they are a source of 

 

a

 

-defensins
which have been shown recently to have potent antiviral activity
in HIV-1 infection [7,8]. Furthermore, particular combinations of
killer immunoglobulin-like receptors (KIR) and MHC Class I
molecules have also been shown to correlate with slow HIV-1 dis-
ease progression [9].

NK cells are, however, generally reduced in number and are
functionally impaired during chronic, untreated infection with
HIV-1 [10–14]. There are several possible mechanisms to account
for this, including the induction of cell death, diminishment of T
cell-derived (IL-2) and innate (IL-12) growth factors and modu-
lation of NK receptors for MHC Class I [15–17]. Highly active
antiretroviral therapy (HAART) has been shown to permit a
recovery of NK cell numbers, a recovery of natural cytotoxicity
and a reduction in inhibitory C-type lectin expression [18,19].

T cell (IL-2) and myeloid cell (IL-15)-derived cytokines par-
tially activate NK to express CD69, proliferate and have cytolytic
activity against MHC class I negative target cells. Such signals
alone are, however, insufficient to induce NK cell cytokine pro-
duction and have been shown synergize with IL-12 for this func-
tion. NK cell interferon gamma production in response to IL-2 in
combination with IL-12 remains suppressed in HIV-1

 

+

 

 individuals
receiving HAART [20]. Furthermore, evidence suggests that
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failure of human NK cells from HAART-treated HIV-1

 

+

 

 patients
to produce IFN-

 

g

 

 in response to IL-12 + IL-2 may represent a
developmental defect in the NK lineage [20,21].

Growth hormone is thought to play a role in the differentia-
tion of bone marrow-derived lymphoid precursors [22,23]. Fur-
thermore, rhGH has been shown to induce a partial recovery of
HIV-1-specific IFN-

 

g

 

-producing CD8

 

+

 

 T cells in HIV-1

 

+

 

 individu-
als receiving HAART [24]. It was therefore of interest to us to
study the effects of rhGH therapy on NK cell activation and IFN-

 

g

 

 production in these individuals.
In this paper we investigate whether defects in NK cell acti-

vation and IFN-

 

g

 

 production are specific for IL-2 stimulation or
can be recovered in HIV-1

 

+

 

 individuals on HAART using the
innate cytokine IL-15 in combination with IL-12 and whether
functional subsets of NK cells are affected differentially. We also
demonstrate that rhGH enhances preferentially the numbers of
NK cells in a small cohort of individuals receiving recombinant
human growth hormone with HAART and investigate whether
there is any recovery of cytokine-driven NK function in such
individuals.

 

MATERIALS AND METHODS

 

Patients

 

Thirty-four individuals were used in this study. Of these, 10 were
healthy volunteers, 12 were HIV-1

 

+

 

 individuals on successful
HAART and 12 were HIV-1

 

+

 

 individuals on successful HAART
receiving growth hormone for a minimum of 12 and a maximum
of 24 weeks. All HIV-1

 

+

 

 individuals had been on successful
HAART for at least 12 months and with the exception of two
patients receiving human growth hormone (patient 3: baseline;
1555 copies/ml and week 48; 2788 copies/ml and patient 8: base-
line; 17089 copies/ml and week 12–48; 

 

<

 

50 copies/ml) had viral
loads of less than 50 copies/ml blood (detection limit) with no
observed viral recrudescence. CD4

 

+

 

 T cell counts were greater
than 250 cells/

 

m

 

l blood for all patients. CD4

 

+

 

 T cell counts
throughout rhGH part of the study did not vary significantly from
baseline. The mean CD4 T cell counts were as follows: baseline;
478 

 

±

 

 56, week 12; 452 

 

±

 

 47; week 24; 550 

 

±

 

 54·5 and week 48;
472 

 

±

 

 42.
Blood was taken into lithium heparin and peripheral blood

mononuclear cells (PBMC) from all donors were prepared by
standard Ficoll–Hypaque gradient centrifugation. Cells were cul-
tured in RPMI 10% pooled human AB serum (Sigma, Poole,
UK).

 

Stimulations

 

IL-2 (Hoffman La Roche, Basel, Switzerland) and IL-15 (Pepro-
tech EC, London, UK) were pretitrated to assess optimal concen-
trations for NK cell activation (CD69 expression) within PBMC.
In experiments described here IL-12 (Peprotech) was used at a
final concentration of 1 ng/ml in combination with IL-2 (10 U/ml)
or IL-15 (100 ng/ml) for 16–20 h.

 

Flow cytometry

 

Unstimulated PBMC were labelled with the following mono-
clonal antibodies for determination of NK cell surface phenotype.
Anti-CD16 (Serotec, Oxford, UK) was used as a direct PE con-
jugate. Unconjugated antibodies were detected with PE conju-
gated goat antimouse immunoglobulin and then blocked with an
excess of mouse IgG. Cells were then counterstained with

fluorescein-conjugated anti-CD3 (Serotec) in combination with
phycoerythrin–cyanin 5·1 (PC5) conjugated anti-CD56 (Beckman
Coulter, Oxford, UK) to identify CD3

 

–

 

CD56

 

+

 

 NK cells.
Cell surface CD69 expression was monitored after 16 h in

untreated cells or in cytokine-stimulated cells using anti-human
CD69PE (Becton Dickinson, Oxford, UK) and compared to iso-
type control (mIgG1PE, Becton Dickinson).

For intracellular staining of interferon gamma production,
cells were pulsed with 10 

 

m

 

g/ml of brefeldin A (Sigma) between 16
and 20 h of culture and then surface-stained with CD3 FITC and
CD56 PC5. Cells were then fixed and permeabilized using
FACS™ permeabilizing solution (Becton Dickinson) and then
labelled with anti-IFN-

 

g

 

 or control antibodies (Becton Dickin-
son). For surface staining 10 000–20 000 events were collected and
for intracellular staining 30 000 events were collected where pos-
sible. Cells were analysed on a FACScalibur™ flow cytometer
(BD) and data were analysed using WinMDI software.

 

Statistical analysis

 

These were performed with StatView™ software using a Mann–
Whitney non-parametric test.

 

RESULTS

 

Cytokine-activated expression of CD69 is reduced in 
HAART-treated individuals

 

NK cells from HIV-1

 

+

 

 individuals have been shown to recover
their cytolytic and proliferative capacities during HAART for
HIV-1. CD69 is induced on peripheral blood NK cells in an IL-2-
dependent manner and its ligation can lead to proliferation
[25,26]. We therefore tested whether CD69 expression was also
conserved in cytokine-activated NK cells from HAART-treated
individuals. IL-2 or IL-15 combined with IL-12 for the induction
of CD69 expression in NK cells, whereas little or no activation
was observed in the absence of IL-2 or IL-15 (IL-12 only), as
shown for a healthy control individual (Fig. 1a). Concentrations
of IL-2 and IL-15 were used subsequently which gave equivalent
CD69 expression in control donors. A reduction in the propor-
tion of NK cells expressing CD69, over and above the isotype
control, was observed in HAART-treated individuals compared
to healthy controls after either leaving cells in medium alone
(range for HAART group: 10·9–32·4% and control group: 19·3–
39·4%), or after stimulation with IL-2 + IL-12 (range for
HAART group: 56·7–95·1% and control group: 89·2–94·2%)
(Fig. 1b,c). However, a similar proportion of NK cells expressed
CD69 in healthy controls and in patients receiving HAART after
IL-15 + IL-12 stimulation (range for HAART group, 71·3–98·8%
and control group, 91·8–99·4%) (Fig. 1b,c). In view of the relative
preservation in the percentage of CD69 expressing NK cells from
HAART-treated individuals, particularly in IL-15 treated cul-
tures compared to IL-2 treated cultures, we also assessed the
mean fluorescence intensity (MFI) for this marker in gated CD3

 

–

 

CD56

 

+

 

 cells to see if the effect was enhanced in magnitude. In this
case the MFI for CD69 expression on NK cells from HAART-
treated individuals was reduced significantly in both IL-2 + IL-12
(range for HAART group: 53·5–129·9 units and control group:
114·4–453·3 units) and IL-15 + IL-12-treated cultures (range for
HAART group: 70·2–169·9 units and control group: 231·0–357·8
units) (Fig. 1d), showing that early activation is reduced in NK
cells from HAART-treated individuals irrespective of the stimu-
lus used.
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Interferon gamma production remains suppressed in IL-15 + IL-
12 stimulated NK cells

 

In view of our observation that the intensity of IL-15 + IL-12
induced CD69 expression is reduced, we compared the ability of
IL-2 and IL-15 as co-stimuli with IL-12 to stimulate IFN-

 

g

 

 pro-
duction during HAART. As expected, only few cells from
HAART-treated individuals produced IFN-

 

g

 

 in response to IL-
2 + IL-12 compared to healthy controls (range for HAART
group: 0·1–5·6% 

 

versus

 

 control group: 3·7–25·9%) (Fig. 2a,b).
Notably, IL-15 was unable to overcome the suppression of IFN-

 

g

 

production (range for HAART group: 0·3–9·1%; control group:
12·3–26·7%) (Fig. 2a,b).

 

CD56

 

hi

 

CD16

 

–

 

 NK cells are lost in HIV-1

 

+

 

 individuals receiving 
HAART

 

CD56

 

hi

 

CD16

 

–

 

 NK cells have been shown to be the major produc-
ers of IFN-

 

g

 

 in response to IL-12 + IL-15 [5]. The relative propor-
tions of CD56

 

hi

 

CD16

 

–

 

 NK cells were therefore measured in
HIV1

 

+

 

 individuals receiving HAART and compared to healthy
controls. Remarkably, the proportions of CD56

 

hi

 

CD16

 

lo

 

CD3

 

–

 

cells were diminished significantly in individuals receiving
HAART (range 0·7–3·9% compared to control group range 3·0–
17·0%) (Fig. 3a). A parallel increase was observed in the recipro-
cal CD56

 

lo

 

CD16

 

hi

 

 subset (range for HAART group: 89·7–96·9%;
control: 64·4–93·8%) (Fig. 3b). This was reflected directly in the
ratio of the CD56

 

hi

 

CD16

 

–

 

 to the CD56

 

lo

 

CD16

 

hi

 

 subset, which was
significantly lower in HAART-treated individuals (mean
0·09 

 

± 

 

0·06, range 0·03–0·26) compared to healthy controls (mean
0·02 

 

±

 

 0·01, range 0·01–0·04).

 

Enhanced NK numbers in HAART-treated individuals after 
growth hormone treatment

 

The absolute number and percentage of CD3

 

–

 

CD56

 

+

 

 cells in the
peripheral blood were monitored at baseline HAART and after
growth hormone treatment. All patients received GH for at least
12 weeks, after which the cohort was randomized into discontinu-
ing rhGH (group A), or receiving this on alternate days (group B)
or twice weekly (group C) for a further 12 weeks. No difference
was observed in the mean percentage or absolute number of NK
cells in any of the treatment groups (data not shown). Fluctua-
tions, and in particular increases, in NK cell number and percent-
age were, however, observed after rhGH treatment in eight of 12
individual patients either some time during or after rhGH treat-
ment (patients 1, 2, 3, 4, 8, 10, 11, 12) (Fig. 4).

 

Enhanced NK cell CD69 expression and interferon gamma 
production after growth hormone treatment

 

rhGH or its intermediates have been shown to have positive
effects on NK cell activation and cytolytic activity [27,28]. We
therefore tested whether the activation potential of NK cells
from our patients could be enhanced by rhGH treatment.
PBMC taken from individuals before and after rhGH treatment
were left in medium alone or stimulated with IL-12 in combina-
tion with either IL-2 or IL-15, and activation assessed according
to the expression of CD69 on gated CD3

 

–

 

CD56

 

+

 

 NK cells.
Results from three different individual patients are shown in
Fig. 5a. Basal CD69 expression (cells left in medium alone) was
enhanced in all three patients tested after rhGH treatment com-
pared to baseline (Fig. 5a; donors P1, P11, P12). This was also

 

Fig. 1.

 

CD69 expression on NK cells. Flow cytometric analysis of gated CD3

 

-

 

CD56

 

+

 

 NK cells. (a) Titration of IL-2 (

 

�

 

) or IL-15 (

 

�

 

) in
combination with IL-12 to stimulate CD69 expression in NK cells from a healthy control donor. (b) Flow cytometric profiles are shown of
CD69 expression compared to isotype control on gated (left panels) NK cells from a healthy control donor and an HIV-1

 

+

 

 patient receiving
HAART only with or without cytokine stimulation. (c) Basal and IL-2 + IL-12-induced NK cell CD69 expression are both reduced
significantly in a group of 12 patients on HAART compared to healthy controls. (d) Reduction in MFI for IL-2 

 

+

 

 IL-12 and IL-15 

 

+

 

 IL-12
stimulation.
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the case after stimulation, where the proportion of CD3

 

–

 

CD56

 

+

 

cells expressing CD69 increased substantially, particularly for
IL-12 + IL-2 stimulation (Fig. 5a; donors P1, P11, P12), and also
in one case for IL-15 stimulation (Fig. 5a; donor, P12). The stim-
ulated increases did not, however, approach the levels observed
in healthy controls (range for rhGH + HAART group: IL-
2 + IL-12, 52·6–98·2%; IL-15 + IL-12, 72–97·8%, range control
group: IL-2 + IL-12, 89·2–94·2%; IL-15 + IL-12, 91·8–99·4%).
Only moderate increases in the calculated mean fluorescence

intensities for CD69 expression were observed in some cases,
but again these values did not approach the levels in healthy
controls (range rhGH + HAART group: IL-2 + IL-12, 32·9–66·6
units; IL-15 + IL-12, 41·4–72·8 units, range control group: IL-
2 + IL-12, 114·4–453·3 units; IL-15 + IL-12, 231·0–357·8 units)
(data not shown).

As expected, little or no IFN-

 

g

 

 was detected in cells left in
medium alone or after stimulation of cells from patients receiving
HAART only prior to rhGH treatment (Fig. 5b). However, rhGH
+ HAART permitted a recovery of IL-2 + IL-12-driven IFN-

 

g

 

production in CD3

 

–

 

CD56

 

+

 

 cells from all three patients tested.
Furthermore, IL-12 + IL-15-stimulated IFN-

 

g

 

, which was gener-
ally higher than that driven by IL-12 + IL-2, was also enhanced
substantially in one of three patients (P11) and was only weakly
affected in the other two patients (P1 and P12) (Fig. 5b). Again,
the recovered NK-stimulated IFN-

 

g

 

 production was only partial
and did not approach the levels observed in healthy controls
(range rhGH + HAART group: IL-2 + IL-12, 2·2–6·8%; IL-
15 + IL-12 1·6–9·9%, range control group: IL-2 + IL-12, 3·7–
25·9%; IL-15 + IL-12, 12·3–26·7%).

 

DISCUSSION

 

Our results indicate that innate natural killer cell immune func-
tion remains compromised even in HAART-treated HIV-1

 

+

 

 indi-
viduals where overall NK cell numbers are recovered. In
particular, NK cell CD69 expression and IFN-

 

g

 

 production in
response to both IL-2 and IL-15 is compromised in individuals
receiving HAART alone. Our observation that CD56

 

hi

 

CD16

 

–

 

cells are substantially depleted in HIV-1

 

+

 

 patients receiving
HAART with no detectable viral RNA when compared to
healthy controls is consistent with this finding. These cells both
contain a higher proportion of IFN-

 

g

 

 producers and secrete larger
amounts of IFN-

 

g

 

 on a per cell basis in response to IL-15 + IL-12
[5].

The inability of HAART to induce a recovery in NK cell IFN-

 

g

 

 production in infected individuals may relate to the effects of
HIV-1 on the development, homing patterns and/or the available
cytokine-mediated signalling pathways in different NK cell
subsets.

 

Fig. 2.

 

IFN-

 

g

 

 production by NK cells. (a) Flow cytometric profiles for
intracellular IFN-

 

g

 

 expression in gated (left panel) NK cells from a healthy
control donor and an HIV-1

 

+

 

 patient receiving HAART only with or
without cytokine stimulation. (b) Both IL-2 + IL-12 and IL-15 + IL-12-
induced NK cell IFN-

 

g

 

 expression are reduced significantly in 12 patients
on HAART compared to healthy controls.
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Fig. 3.

 

Distribution of CD56

 

hi

 

CD16

 

–

 

 and CD56

 

lo

 

CD16

 

+

 

 subsets. Gated NK cells (a, upper panel) were analysed for CD56 and CD16
expression and using the regions shown in (a), lower panel. The proportion of CD56

 

hi

 

CD16

 

–

 

 cells is reduced significantly in 12 patients
receiving HAART (b) and the proportion of CD56

 

lo

 

CD16

 

hi

 

 cells increases (c).
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CD56hiCD16– NK cells express CCR7 exclusively and migrate
to MIP-3b and SLC, whereas CD56loCD16+ NK cells express
CXCR1 and CX3CR1 exclusively and migrate predominantly to
fractalkine and IL-8 [29]. This pattern of chemokine responsive-
ness and, additionally, the expression of L-selectin on
CD56hiCD16– cells, is consistent with a preferential migration of
these cells to secondary lymphoid organs [29]. Indeed, Fehniger
and co-workers have shown recently that the CD56hiCD16–

migrate preferentially to the T cell areas of peripheral lymph
nodes and require T cell derived factors for their activation [30].
Persistent infection with HIV-1 occurs in secondary lymphoid tis-
sues, even during the latent phase of the infection [31–33]. It is
therefore likely that HIV-1 would have selective detrimental
effects on the migrated CD56hiCD16– subset either prior to or
even following the initiation of HAART. Furthermore,
CD56hiCD16– cells preferentially express both CCR5 and CXCR4
and, although there is little evidence for productive infection of
this subset, expression of such molecules may lead to at least some
interaction of HIV-1 at the cell surface [29]. Such interactions
could conceivably play a role in the retention of the CD56hi subset
in lymphoid tissue and render these cells susceptible to bystander
apoptosis as has been shown for uninfected CD4+ T cells.
Recently Valentin et al. have demonstrated HIV-1 infection of a
rare CD4+CD56+CD3– cell population in human peripheral blood
[34]. HIV-1 infection could lead ultimately to the depletion of

such a cell population. However, the relationship between this
population and CD56hiCD16– or CD56loCD16+ subsets or IFN-g
production by NK cells has not yet been established. Indeed, in a
range of healthy donors this population accounted for an esti-
mated 0·3 and 6·5% of peripheral blood NK cells [34]. This would
therefore not seem to correlate either with the proportions of
CD56hiCD16negativeCD3– cells (range 3·0–17%) or IFN-g producing
NK cells (ranges IL-2 + IL-12: 3·7–25·9%; IL-15 + IL-12: 12·3–
26·7%) observed here in healthy controls and is therefore
unlikely to account for the loss of these populations in HAART-
treated individuals.

Evidence is emerging that IL-15 and IL-12 are important at
different stages of NK cell development. IL-15 drives the matu-
ration of NK precursors into mature NK cells and IL-12 promotes
mature NK cell differentiation into IFN-g-producing cells. Both
CD56hi and CD56lo cells express IL-15Rb/gc complexes and the
expression of IL-12Ra is induced on human NK cells [35]. CD56hi

cells additionally express the IL-2Ra chain [35]. We have shown
that NK cell IFN-g production is affected similarly, whether IL-2
or IL-15 are used as a co-stimulus along with IL-12. Furthermore,
our results demonstrating reduction of NK cell CD69 induction,
which can occur in the absence of IL-12, would imply that the IL-
15/IL-2 components of the stimulus may be as affected as the IL-
12 component, which is required for NK cell differentiation into
IFN-g-producing cells [21,36]. Indeed, the IL-2, IL-15 and IL-12

Fig. 4. Increase in NK cells after long-term rhGH therapy. Twelve individuals receiving HAART for HIV-1 were treated with rhGH daily
for 12 weeks (group a), 12 weeks daily and then every 2 days for a further 12 weeks (group b) or 12 weeks daily and then twice weekly for
a further 12 weeks (group c). Dashed lines represent 12-week period where all subjects received rhGH. Total CD3–CD56+CD16+ NK cell
numbers (�) and percentages (�) were monitored at the time-points shown.
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pathways of events can all be compromised severely during HIV-
1 infection, including impaired IL-2, IL-12 and IL-15 production
[17,37–39] and a failure of PBMC to respond to IL-12 [40]. Stud-
ies on cytokine receptor expression and signalling in NK cells and
their subsets during HAART will shed more light on the impor-
tance of different pathways.

Recent work has, however, additionally shown a reduced in-
vivo activation of CD4+ T cells in aviraemic individuals receiving
PI-based HAART compared to PI-sparing regimens [41]. It will
also therefore be important to consider whether NK cells are sim-
ilarly affected, either directly or indirectly, and the effects of dif-
ferent antiretroviral drugs on cytokine signalling pathways
investigated.

In the majority of patients receiving rhGH and HAART we
observe a further increase in the proportion and absolute number
of CD3–CD56+ NK cells in the peripheral blood compared to
baseline HAART only. However, we have observed that the dis-
tribution of KIR/NKG2A receptors and the relative proportions
of the CD56hiCD16– and CD56loCD16hi cells remained unaffected
by rhGH treatment (data not shown), implying that the observed
recovery in NK cell activation does not relate to an altered dis-
tribution of NK subsets compared to HAART alone.

We observed that the low-level unstimulated CD69 expres-
sion seen in control subjects is diminished in HIV-1+ patients
receiving HAART. Basal CD69 expression was found exclusively
on CD56lowCD16+ cells in all individuals tested. Interestingly, a

substantial recovery of basal CD69 expression on CD56lowCD16+

cells was observed in NK cells of individuals receiving rhGH +
HAART, suggesting that hGH affects this population preferen-
tially. Cross-linking of CD16 (FcgRIII) provides partial signals for
NK cell activation and cytokine/chemokine secretion [6]. We have
observed these effects both in cells cultured in human serum and
in fetal calf serum (FCS), implying that if the observed activation
is Fc-mediated it may involve prebound serum Ig (data not
shown). It is therefore possible that rhGH augments the genera-
tion of NK cells susceptible to Fc-mediated activation.

A partial recovery in NK cell IFN-g secretion was observed in
individuals receiving rhGH and where NK cell numbers had
increased over baseline. It is conceivable that GH could effect the
differentiation and proliferation of NK cell progenitors or precur-
sors in the bone marrow or thymus. hGH-deficient individuals
have significantly diminished numbers of NK cells in the periph-
eral blood, although short-term rhGH therapy alone did not
appear to be effective at driving NK cell repopulation and func-
tional recovery in these individuals [42,43]. There is evidence that
supplementary rhGH can enhance NK activity in healthy adults
with normal GH secretion [28]. Furthermore, the GH-intermedi-
ate IGF-1 enhances the in vitro function of natural killer cells
from GH-deficient patients [27]. In a previous study no overall
differences were observed in NK activity (K562 cell killing)
before and after growth hormone treatment, despite some
enhancement of HIV-1 envelope protein specific IL-2 production
by T cells [44]. It is conceivable that rhGH has preferential effects
on cytokine signalling pathways in HIV-1+ individuals. Indeed,
GH and its intermediates utilize signalling elements and tran-
scription factors common to cytokine-mediated pathways and in
this way could, potentially, affect NK cell differentiation into
cytokine producing cells [22,23].

Further studies on NK cell redistribution and the potential
deficiencies in NK cytokine pathways, particularly those driven by
IL-12, will help to identify the causes of persistent defects in
HAART-treated HIV-1+ individuals. Extended investigations are
being carried out into the effects of immune-based therapies on
NK cells in HIV-1 infection, which will support the development
of additional therapies to target NK cell defects.
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